Poly(amide amine) dendrimers with naphthyl units (Nn, n = 4, 8, 16, 32, 64) were synthesized for application as fluorescent chemosensor materials for metal cations. The metal cation recognition of Nn was also investigated.
INTRODUCTION
Dendrimer chemistry is a rapidly expanding field for both basic and applicative reasons [1, 2] . The presence of dynamic cavities is an important aspect of dendrimer structures [3] . This feature, when coupled with the presence of coordinating moieties, has been utilized for hosting metal cations in the interior of dendrimers [4] . Research on such host-guest systems has been performed for various purposes such as investigation of the dendrimer structure [5] , preparation of encapsulated metal nanoparticles [6] , ion transportation [7] , ion sensing [8] , light harvesting [9] , and reversible metal complex assembly [10] . Our research focuses on the design of fluorescent sensors that undergo marked photophysical changes upon cation binding.
We synthesized new poly(amide amine) dendrimers with naphthyl units (Nn, n = 4, 8, 16, 32, 64) to function as fluorescent chemosensor materials for metal cations. The results of our study on metal cation recognition by Nn are herein reported. The structural formulas of Nn (n = 4, 8, 16, 32, 64) and its reference compound (N1) are shown in Fig. 1 .
EXPERIMENT 2.1 Synthesis
N 1 wa s o b t a i n e d b y t h e e s t e r i fi c a t i o n o f 2-(1-napthyl)ethyl alcohol with acetyl chloride. N4 was prepared from 2-(1-napthyl)ethyl acrylate and ethylenediamine [11] . Nn (n = 8 [11] , 16, 32, 64) was o b t a in e d b y a M i ch a e l ad d it i on r e a c t i o n o f 2-(1-napthyl)ethyl acrylate and the corresponding poly(amide amine) dendrimer. With the higher numbered naphthyl unit dendrimer synthesis reactions, a longer reaction time and greater excess of 2-(1-napthyl) ethyl acrylate were employed. The preparation of N16 was typical for all Nn dendrimers and involved the corresponding poly(amide amine) dendrimer and 2-(1-napthyl)ethyl acrylate. 2.4 g (11 mmol) of 2-(1-napthyl)ethyl acrylate and 0.30 g (0.21 mmol) of poly(amide amine) dendrimer (G1) were added to a stirred solution of 5.0 ml methanol. The stirring was The physical data for Nn (n = 1, 4, 8) have been previously reported [11] . 
Measurements
The 1 H NMR spectra were recorded on a JEOL ECA500 spectrometer with tetramethylsilane as the internal standard. Nn stock solutions were prepared by dissolving a weighed amount of Nn in acetonitrile/dichloromethane 2 , and AgClO 4 ). Fluorescence spectra were measured using ex = 275 nm at a wavelength between 300 and 600 nm with a Hitachi F-4500 fluorometer. The fluorescence intensities were measured in acetonitrile. The titrations were performed with a titrant of metal ions (1-10000 μM) and a titrate of Nn (5 μM). The metal-cation sources were identical to those used to perform the UV-vis studies.
RESULTS AND DISCUSSION 3.1 Absorption and fluorescence spectra in neutral solution
The UV-vis absorption spectra of Nn (n = 4, 8, 16, 32, 64) were essentially identical to that of N1 (Fig. 2) . The ground-state intramolecular interactions, such as charge transfer (CT), were excluded by the absence of a new band at a longer wavelength Nn (n = 4, 8, 16, 32, 64).
In contrast, the fluorescence spectra of Nn (n = 4, 8, 16, 32, 64) differed from that of N1 (Fig. 3) . Although N1 showed emission from only the naphthalene chromophore in acetonitrile/dichloro -methane (1:1 v/v) solution, structureless broad emissions were observed in the longer wavelength region for Nn (n = 4, 8, 16, 32, 64). The observed excitation spectra of Nn (n = 4, 8, 16, 32, 64) were identical to the absorption spectra, which indicated that the broad emissions observed in the longer wavelength region were due to excited-state intramolecular interactions such as naphthyl-amine interactions (exciplex) and/or interactions between naphthyl units (excimer).
Fluorescence spectra in acid solution
When acid (CF 3 COOH) was added to the Nn (n = 4, 8, 16, 32, 64) dendrimer solutions, the dendrimer emissions were resolved into three components: a naphthyl monomer emission ( max = 340 nm), which was strongly enhanced upon protonation; an excimer emission ( max = 400 nm), whose intensity increased upon protonation;
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The fluorescence spectra of N32 in the presence of various concentrations of CF 3 COOH are shown in Fig. 4 , providing a typical example. In the Nn (n = 4, 8, 16, 32, 64) compounds, the interaction of the naphthyl and amine units sometimes led to a lower energy exciplex excited state. This was due to exciplex formation between locally excited naphthyl units and amine units, which quenched the naphthyl fluorescence and caused exciplex emission at around 500 nm. In the protonated dendrimers, the exciplex excited state was not possible. Excited state formation of naphthyl excimer, however, resulted in the presence of a low energy excited state, which was responsible for the broad emission band at around 400 nm. Finally, in the unprotonated dendrimers, both the exciplex and the excimer excited states were present, which resulted in a very weak naphthyl fluorescence and a broad peak tail, which consisted of merged exciplex and the excimer emissions.
Influence of metal cations on the absorption spectra and the fluorescence spectra
The changes in the absorption and fluorescence spectra were examined after adding some metal cations to the Nn (n = 1, 4, 8, 16, 32, 64) solutions. When Al 3+ , Zn 2+ , Cd 2+ , Ni 2+ , Mg 2+ , Ca 2+ , Ba 2+ , Co 2+ or Ag + were added to the acetonitrile/dichloromethane (1:1 v/v) -Nn (n = 1, 4, 8, 16, 32, 64) solutions, the shape and absorbance of the absorption spectra were not altered. However, the shape and intensity of the fluorescence spectra of the Nn (n = 4 In the metal cation complexed dendrimers (except Ag + ), neither the exciplex excited state nor the porotonated demdrimers were possible. As a result, a naphthyl monomer emission ( max = 340 nm) and an excimer emission ( max = 400 nm) were enhanced upon complexation with metal cations, and the exciplex emission ( max = 500 nm) disappeared.
A typical example of this is shown in the titration curves produced by the fluorescence intensity at 340 nm of N32, as shown in Fig. 7 . Selectivity for metal cations was minimal in N4, but was observed with the higher number naphthalene dendrimers. In particular, selectivity for Al 3+ and Zn 2+ was excellent in N16, N32, and N64, as shown Fig. 7 . The detection of Al 3+ is of great interest because of the potential toxicity and widespread presence of this cation [12] .
The development of selective and sensitive chemosensor materials for quantitative analysis of Zn 2+ has become extremely important for environmental and biological [13, 14] .
N16, N32, and N64 will, thus, become suitable fluorescent chemosensors for Al 3+ Interactions in the excited state were demonstrated between the napthyl units themselves (excimer), as well as between naphthyl units and the interior amine units (exciplex). These interactions led to complex photophysical behavior, which changed upon addition of the acid and metal cations, with the exception of Ag + . When acid and metal cations (except Ag + ) were added to Nn (n = 4, 8, 16, 32, 64) dendrimer solutions, complexation with the metal cations occurred, and resulted in naphthyl monomer emission and excimer emission enhancement, while the exciplex emission disappeared. Selectivity for metal cations increased with increasing naphthyl unit number in the dendrimers.
In particular, selectivity for Al 3+ and Zn 2+ was excellent in N16, N32, and N64.
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